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ABSTRACT

A system for communication between two communication
platforms, including a near-earth returning platform and a
remote platform. A bidirectional asymmetrical communica-
tion link is set up between the two platforms.

18 Claims, 6 Drawing Sheets




U.S. Patent Mar. 15, 2016 Sheet 1 of 6 US 9,287,978 B2




U.S. Patent Mar. 15, 2016 Sheet 2 of 6 US 9,287,978 B2

eS

36b

P

S
34
Fig. 2

38
28

40~ |
(>
Q
N\
36a
30

ezP

16



U.S. Patent Mar. 15, 2016 Sheet 3 of 6 US 9,287,978 B2

eS




US 9,287,978 B2

Sheet 4 of 6

Mar. 15, 2016

U.S. Patent

3d400S313l

/

9¢

g¢

i "Bi-

S0« dzo
viva

.\.NN

SOINOY1D313
V1iva

.\;ON

NV

Nd

eg

ve

5512

IsESAA

¢l




US 9,287,978 B2

Sheet 5 of 6

Mar. 15, 2016

U.S. Patent

3400837131

va

8l

(

9¢

G¢

G b1

dze «— g9
viva

\.NN

4
./ SOINOYLOTS

Viva

nw_“/

AV

—————— —
- -——
- -~
- -~
- ~
- -
- -~

q9

H3S8V]

SOINO™MLOTAT3
vivd

S9«G88  viva




U.S. Patent Mar. 15, 2016 Sheet 6 of 6 US 9,287,978 B2

50

/52

Fig. 6



US 9,287,978 B2

1
SYSTEM AND METHOD FOR
COMMUNICATION BETWEEN TWO
COMMUNICATION PLATFORMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 to German Patent Application No. 10 2011 113 148.9,
filed Sep. 14, 2011, the entire disclosure of which is herein
expressly incorporated by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates to a system for communica-
tion between two communication platforms and a method for
communication between two communication platforms. In
particular, the present invention relates to a communication
between a near-earth returning platform (ezP) and a remote
platform (eS). In addition, the present invention relates to a
system and a method for communication between these two
communication platforms using a bidirectional asymmetrical
communication link.

Various communication methods are currently known for
establishing and maintaining a communication link between
communication platforms. In particular mobile communica-
tion platforms, for example, communication platforms
embodied as vehicles, such as aircraft and satellites, use wire-
less communication links largely due to the relative mobility
of the communication platforms. Such communication links
may use electromagnetic waves, for example, and may be
embodied as radio communication links or optical transmis-
sion methods, for example, using laser light of a defined
wavelength.

There are known methods for communication between
satellites in the same orbits (LCTSX) and/or in different
orbits (EDRS, SPOT4 ARTEMIS), between satellites and
manned aircraft (ARTEMIS FALCON), unmanned aerial
vehicles or UAVs (LCT UAV) and between a satellite and a
ground station on the earth’s surface (ARTEMIS OGS,
LCTSX OGS).

Corresponding communication methods enable a transfer
of information between the individual communication plat-
forms. These known communication methods have in com-
mon the fact that the methods and/or the communication links
they use are designed to be symmetrical as such. In other
words, the methods used are identical in the principles used,
in particular with respect to the type of modulation and/or the
data rate implemented in a first link and/or a first partial
communication connection, for example, an uplink between a
near-earth platform and a satellite as well as, in a second link
or a second partial communication connection, a downlink
between a satellite and a near-earth platform, for example.

It should be noted, however, that the communication chan-
nel between two such platforms, for example, between a
near-earth platform and a satellite, is not itself designed to be
symmetrical. To this extent, it may appear advantageous to
adjust the communication link between two platforms to the
possible asymmetry of a communication channel to a greater
extent.

Thus, exemplary embodiments of the present invention
provide a communication link adapted to the specific require-
ments of communication between two communication plat-
forms. This may be, for example, a laser communication link
between a satellite and a near-earth platform (e.g., a returning
platform). The satellite or the remote platform may be a
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platform for operation outside of the earth’s atmosphere, in
particular in a Low Earth Orbit (LEO) or a geostationary orbit
(GEO), while the near-earth platform, in particular a return-
ing platform, is a platform for operation in the earth’s atmo-
sphere or at the border thereof, in particular an aircraft, more
specifically an airplane. The use of additional aircraft such as
airborne vehicles resembling balloons or zeppelins or the like
is also conceivable.

It is particularly advantageous to use different types of
signal modulation that permits an effective and broadband
bidirectional communication link between a remote platform
and a near-earth returning platform. To do so, different types
of communication may be adapted to the asymmetry of the
transmission channel between the remote platform and the
near-earth returning platform.

When a different type of communication is mentioned
within the context of the present invention, this should not be
understood to mean an exclusive differentiation into a pos-
sible and/or implemented data rate that instead should be
based on a difference in the technical implementation of each
partial communication link, for example, using different
types of signal modulation and/or transmission methods,
although these may ultimately lead to different data rates as a
result.

Thus, within the scope of the present invention, an asym-
metrical communication link is based on a different type of
communication and/or on a different communication method
for each partial communication link, in particular not being
based on a different data rate of the respective partial com-
munication link with the same type of communication and/or
with the same communication method.

The communication link between two communication
platforms should thus be implemented as a bidirectional
asymmetrical communication link by using different types of
communication and/or transmission methods for a first partial
communication link and a second partial communication
link.

According to the present invention, special aspects of laser
communication between a satellite and a near-earth returning
platform in this context are related to a near-earth returning
platform with special consideration of the special features of
laser communication through the earth’s atmosphere and/or
between the earth’s atmosphere and outer space, in particular
taking into account the costs and efficiency for a laser com-
munication terminal (LCT) installed in satellites in outer
space as well as the corresponding costs and complexity fora
laser communication terminal.

According a system for communication between two com-
munication platforms, a method for communication between
a near-earth returning platform and a remote platform as well
as the near-earth returning platform itself and a remote plat-
form are disclosed.

According to one exemplary embodiment of the present
invention, a system for communication between two commu-
nication platforms is provided, having a near-earth returning
platform (ezP) and a remote platform (eS), such that a com-
munication link is established between these two platforms,
the communication link being embodied as a bidirectional
asymmetrical communication link.

According to another exemplary embodiment of the
present invention, a method for communication between a
near-earth returning platform and a remote platform is pro-
vided, comprising communication between the near-earth
returning platform and the remote platform using a bidirec-
tional asymmetrical communication link.

According to another exemplary embodiment of the
present invention, a near-earth returning platform is provided,
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which is designed for communication with a remote platform
using a bidirectional asymmetrical communication link.

According to another exemplary embodiment of the
present invention, a remote platform is provided, which is
designed for communication with a near-earth returning plat-
form using a bidirectional asymmetrical communication link.

According to one aspect of the present invention a laser
communication terminal (LCT) is installed on both the
remote satellite platform and the near-earth returning plat-
form. The laser communication terminal of the remote plat-
form may have at least the particularly efficient reception
method of heterodyne reception as well as having at least the
transmission method of amplitude modulation. Furthermore,
the laser communication terminal of the near-earth returning
platform may supply at least the transmission method of
heterodyne reception as well as at least supplying the recep-
tion method of amplitude modulation.

In this context heterodyne reception may be understood to
refer to optical heterodyne reception as well as homodyne
optical heterodyne transmission with phase modulation.

The communication method according to the present
invention, amplitude modulation reception of the near-earth
returning platform and heterodyne reception of the remote
platform offers advantages of ideally designing and using the
respective transmission units of the other platform, based on
the communication channel between the near-earth returning
platform and the remote platform.

The emission of a laser beam of the transmission unit of the
near-earth returning platform in the direction of the remote
platform is first disturbed by the atmosphere because it is
assumed that the near-earth returning platform operates
inside the earth’s atmosphere. However, outside of the earth’s
atmosphere, i.e., above the Karman line, the wavefront of the
laser beam is actually improved due to the further propagation
of'the laser beam in outer space, where there is no air, because
atmospheric interference in general is local and on a small
scale, and therefore such interference is deflected out of the
laser beam in further propagation until it is received at the
remote platform. The wavefront received by the remote sat-
ellite platform is thus essentially free of interference and is
therefore suitable for coherent reception.

In the opposite case, i.e., transmission from the remote
platform to the near-earth returning platform, the laser beam
of the remote platform initially undergoes interference-free
propagation through outer space but is possibly subject to
interference on the last portion of its path, i.e., the last kilo-
meters through the earth’s atmosphere. Reception based on
amplitude modulation, however, is insensitive to phase front
interference, such as that caused by the earth’s atmosphere,
for example, and may thus be implemented even with recep-
tion lenses of a lower quality and thus of a lower cost as well.

The communication method according to the present
invention thus uses heterodyne reception in the uplink
between a near-earth returning platform and a remote plat-
form, in particular phase modulation, while using amplitude
modulation in the downlink between the remote platform and
the near-earth returning platform.

The transmission method is thus asymmetrical with respect
to uplink and downlink in use of the respective transmission
method. At the same time this results in a lower data rate in
downlink than in uplink by a factor of essentially 10 because
a higher data rate, e.g., in the range of 2 to 6 Gbit/s in
particular 2.8 Gbit/s can be achieved when using phase modu-
lation in the uplink in comparison with a data rate of 100 to
200 Mbit/s in downlink. At the same time the transmission
power used can be adjusted in accordance with the respective
platform. Thus, the remote platform, for example, may use a
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power in the range of 1 to 5 W, for example, 1.5 W for
communication while the near-earth returning platform may
transmit in the range of 20 to 30 W.

The present invention is thus particularly, but not exclu-
sively, suitable for information collecting platforms of the
near-earth returning platform that may be forwarded to
another station by using the remote platform as arelay station.
The additional station here may be a satellite ground station,
for example, or another remote platform, i.e., another satellite
which also operates as a relay station and thus increases the
possible range of the data transmission, for example, by a
downlink there to a ground station, which could not be
reached by the actual remote platform connected to the near-
earth returning platform.

The near-earth returning platform may be, for example, an
unmanned aerial vehicle (UAV), which in turn collects infor-
mation, e.g., image information about the earth’s surface, by
means of various detectors and/or camera systems. The vol-
umes of data thereby generated, possibly enormous volumes
of data, are sent to the remote platform for further distribution
and/or forwarding by uplink, which is fast in comparison with
downlink. This connection may be implemented here essen-
tially permanently online or also with interruptions.

The near-earth returning platform may thus in turn store the
collected information temporarily and relay it only on an
individual case basis, for example, when a communication
link is established with the remote platform.

One possible scenario here might be that a plurality of
near-earth returning platforms operates in a similar region
and the respective information collected is to be forwarded at
certain points in time to the remote platform. Thus, a plurality
of near-earth returning platforms can be operated from one
remote platform. Necessary repositioning of at least the laser
terminal on the remote platform in relation to a certain UAV
may be assumed to be a known process in this context and will
not be explained further here.

Communication devices on the remote platform, for
example, a laser communication terminal on a satellite may
be especially optimized with respect to power consumption,
sensitivity of a receiver, weight and space required, for
example, due to the given factors of use in outer space. The
development and use of highly efficient but complex recep-
tion units are necessitated by the expected long operating
times without maintenance, for example, 8 years or 15 years
for low-earth orbit platforms or geostationary platforms.

Optical heterodyne reception, in particular homodyne opti-
cal heterodyne reception with phase modulation may be
regarded here as one of the most sensitive and efficient recep-
tion methods. In other words, in heterodyne reception the
smallest number of received photons may allow detection of
a received bit. For example, for a heterodyne reception ele-
ment, nine photons may be suspicious per bit at a bit error rate
of 107°. Other optical communication methods may require a
greater number of photons per bit by a factor of at least 2,
which would necessitate a larger reception aperture, which at
the same time would also increase the weight of a laser
communication terminal at the remote platform.

Optical heterodyne reception may be assumed to be espe-
cially free of interference because it is not subject to interfer-
ence due to sunlight or due to controlled exposure to laser
light that does not correspond exactly to the frequency and
direction of the transmission unit of the additional laser com-
munication terminal. Reception by one laser communication
terminal located on a near-earth returning platform and/or the
information thereby transmitted in the uplink to the laser
communication terminal of the remote platform may also be
ensured in possible interference measures through the use of
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the type of communication and/or the communication
method of homodyne transmission.

A laser communication terminal of a remote platform that
has the transmission methods of amplitude modulation com-
munication as well as heterodyne communication may also
be capable of communicating with a near-earth returning
platform as well as with additional remote platforms, for
example, an earth observation satellite or even more remote
relay stations at a high data rate by means of coherent trans-
mission and reception methods while at the same time main-
taining a near-earth returning platform adapted to its specific
requirements, for example, being smaller, lighter, serviceable
and less expensive.

A laser communication terminal on a near-earth returning
platform may require fundamentally different boundary con-
ditions than a laser communication terminal on a remote
platform. For example, it may be necessary to keep the cost of
a near-earth returning terminal much lower than the cost of a
laser communication terminal on a remote platform, because
the platform costs per se are lower on the whole. In addition,
such a system need not be designed for eight to fifteen years
of maintenance-free operation through regular maintenance
intervals. Thus, a relatively simple receiving segment or laser
communication terminal may preferably be used, its effi-
ciency is of secondary importance, because in general suffi-
cient power and cooling capacity are available on a near-
earth, returning platform.

In addition, it may be necessary to take into account the
influence of the atmosphere on laser communication. Coher-
ent reception may be impaired by lower strata of the atmo-
sphere if the diameter of the turbulence cells in the line of
sight between the two communication platforms is smaller
than the reception aperture.

The so-called Fried parameter or the atmospheric correla-
tion link may be used to measure atmospheric interference.
This corresponds to the size of turbulence cells within which
the mean quadratic error of the phase interference is 1 rad?. It
is generally known that a reception aperture should be smaller
than the Fried parameter to enable coherent reception and/or,
in the case of traditional astronomy, observation of stars with-
out interference.

However, amplitude-modulated reception may be assumed
to be insensitive to phase front interference. At the same time,
the optical quality of the reception lenses may be reduced in
comparison with coherent reception. This may result in a
definite cost advantage for an amplitude-modulated receiver
whose line of sight for reception crosses through the atmo-
sphere.

Typically, the data transmission rate from the near-earth
returning platform to a remote platform is many times greater
than that from the remote platform to the near-earth returning
platform. This may result from the fact that, for example, the
near-earth returning platforms usually serve as local informa-
tion collecting sources, for example, UAVs over crisis
regions, and transmit their collected data to remote platforms
that assume the function of a data relay node.

In addition, preferred embodiments of the system accord-
ing to the invention for communication between the two
communication platforms are described here.

According to another preferred embodiment of the present
invention, the system may have a first partial communication
link to a first type of modulation between the near-earth
returning platform and the remote platform and thus from the
near-earth returning platform to the remote platform, and a
second partial communication link with a second type of
modulation between the remote platform and the near-earth
returning platform and thus from the remote platform to the
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near-earth returning platform, such that the first type of
modulation is not the same as the second type of modulation.

According to another preferred embodiment of the present
invention, the first and second types of modulation may each
be a type of modulation from the group consisting of ampli-
tude modulation and phase modulation. In particular the first
type of modulation may be the phase modulation type of
modulation and the second type of modulation may be the
amplitude modulation type of modulation.

The use of different types of modulation for each partial
communication link and thus for uplink and downlink
between the communication platforms makes it possible to
adjust the communication link to particular physical factor
sand in particular to take into account the asymmetry of the
transmission channel between the platforms.

According to another preferred embodiment of the present
invention, the near-earth returning platform may be designed
for performing a first transmission method and a first recep-
tion method, wherein the first transmission method is a het-
erodyne transition method and the first reception method is an
amplitude modulation reception method, wherein the remote
platform is configured to perform a second transmission
method and a second reception method, wherein the second
transmission method is an amplitude modulation transmis-
sion method and the second reception method is the hetero-
dyne reception method.

According to another preferred embodiment of the present
invention, the near-earth returning platform may have a first
transmission electronic unit and a first reception electronic
unit, and the remote platform may have a second transmission
electronic unit and a second reception electronic unit. The
first transmission electronic unit may be equipped for trans-
mission using the first transmission method, while the first
reception electronic unit may be equipped for reception using
the first reception method; the second transmission electronic
unit may be equipped for transmission using the second trans-
mission method and the second reception electronic unit may
be equipped for reception using the second reception method.

The different communication methods of the heterodyne
method and of the amplitude modulation method may take
into account an asymmetry of the data channel and/or com-
munication channel between the platforms and in particular
may also be adapted to further factors of the respective plat-
form, for example, the available power and/or the required
maintenance intervals.

According to another preferred embodiment of the present
invention, the remote platform may also be configured to
perform a third transmission method wherein the third trans-
mission method may be a heterodyne transmission method
for communication with another remote platform.

It is possible in this way to likewise design a communica-
tion link, in this case a bidirectional symmetrical communi-
cation link between two remote platforms. It is thus possible
to establish a relay connection, for example, between these
two remote platforms to connect a remote platform that is in
turn connected to the near-earth returning platform, for direct
communication with a ground station at a great distance in
order to relay the data collected from the near-earth returning
platform to this ground station.

According to another preferred embodiment of the present
invention, the communication link may be an optical com-
munication link, in particular as a laser communication link.

Such a communication link may represent a preferred
interference-resistant and/or interference non-susceptible
communication link that may implement an information
transmission with a comparatively low energy use.
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According to another preferred embodiment of the present
invention, the near-earth returning platform and the remote
platform may each have a laser communication terminal,
wherein the laser communication terminal has alaser element
embodied as a transmission element and an optical detector
element embodied as a reception element.

The detector element may be, for example, an optical
reception diode, which may more preferably be adapted to a
certain transmission of the optical communication link. At
least one optical element, for example, a transmission and/or
reception telescope, which may be embodied as a shared
element or as a separate element, may be arranged on the laser
element and/or on the optical detector element.

Thus, at least in the case of the near-earth returning plat-
form, different lenses may be used for the transmission and
reception light. Furthermore, a camera element may be used
as an acquisition detector and/or as a tracking detector, at least
on the near-earth returning platform, to implement a stable
communication link between the near-earth returning plat-
form and the remote platform by position tracking of the other
platform and by adjusting the local alignment with respect to
same.

According to another preferred embodiment of the present
invention, at least the near-earth returning platform or the
remote platform may have a plurality of laser communication
terminals.

This makes it possible, for example, to implement a plu-
rality of communication links, in particular simultaneously,
with one or more platforms. With respect to the remote plat-
form, for example, this may be in a communication link with
a near-earth returning platform and with another remote plat-
form at the same time in order to serve as a relay station, for
example, and to relay data received essentially instanta-
neously from the near-earth returning platform to the addi-
tional remote platform, for example.

According to another preferred embodiment of the present
invention the near-earth returning platform may be a platform
for operation in the earth’s atmosphere, in particular an air-
craft, such as an airplane, and the remote platform may be a
platform for operation outside of the earth’s atmosphere, in
particular in a low earth orbit or a geostationary orbit, such as
a satellite.

In addition, preferred embodiments of the method accord-
ing to the invention for communication between a near-earth
returning platform and a remote platform are described here.

According to another preferred embodiment of the present
invention, the method may include communicating between
the near-earth returning platform and the remote platform
using a first partial communication link with a first type of
modulation and communicating between the remote platform
and the near-earth returning platform using a second partial
communication link with a second type of modulation,
wherein the first type of modulation is not the same as the
second type of modulation. In addition, the first and second
types of modulation may each be a type of modulation from
the group consisting of amplitude modulation and phase
modulation; in particular the first type of modulation may be
the phase modulation type of modulation and the second type
of modulation may be the amplitude modulation type of
modulation.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

Additional exemplary embodiments and advantages of the
present invention are derived from the following description
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of the figures. In the various figures the same or similar
elements are provided with the same or similar reference
numeral.

Diagrams in the figures are schematic and are not drawn to
scale but they may reflect qualitative size ratios.

FIG. 1 shows a schematic overview of an exemplary
embodiment of the communication system according to the
invention;

FIG. 2 shows a schematic diagram of the communication
between ezP and eS according to the present invention;

FIG. 3 shows a schematic diagram of communication
between eS and ezP according to the present invention;

FIG. 4 shows a schematic diagram of the transmission unit
of'ezP according to the present invention;

FIG. 5 shows a schematic diagram of the transmission unit
of'eS according to the present invention; and

FIG. 6 shows an exemplary diagram of the method accord-
ing to the invention for communication between an ezP and an
eS according to the present invention.

DETAILED DESCRIPTION

FIG. 1 shows a schematic overview of an exemplary
embodiment of the communication system according to the
invention.

The near-earth returning platform ezP is embodied as an
airplane as an example. Airplane ezP has a data receiving
device 11 to receive, for example, ground photographs of a
landscape of the earth 16. Airplane ezP is connected to a
remote platform eS, for example, a geostationary satellite,
using a communication link 4. An airplane ezP is within the
earth’s atmosphere 30, while satellite eS is in outer space 32
beyond the earth’s atmosphere. The Karman line 34 separates
the atmosphere 30 and outer space 32 from one another
according to the usual definition.

Examples shown here include a first partial communica-
tion link 4a as an uplink from airplane ezP to satellite eS as
well as a second partial communication link 456 as a downlink
from satellite eS to aircraft ezP is. Using the first partial
communication link 4a, airplane ezP may relay data received
with data receiving device 11 from earth 16 to the satellite eS.
This information may be relayed from the satellite eS using
communication link 4 to the ground station 13, which is only
indicated schematically in FIG. 1. It is likewise conceivable
that the satellite eS may relay the information to another
satellite eS' using another communication link 4, while the
latter is connected to a ground station 13 via communication
link 4. The ground station 13 may in turn supply control
and/or command data for the airplane ezP, which may be
relayed from the satellite eS to the airplane ezP using the
partial communication link 4b.

With reference additionally to FIG. 2, a schematic diagram
of the communication between ezP and eS according to the
present invention is depicted.

Airplane ezP sends data by means of the uplink 4a to the
satellite eS in FIG. 2. The communication link 4 used for this
purpose may be a laser communication link, as previously
indicated. An initially undisturbed phase front 36a may be
converted into a phase front 38 with interference due to the
turbulence cells 28 located in the vicinity of the airplane ezP
in the atmosphere. An essentially undisturbed phase front 365
reaches the satellite eS, because this interference in the phase
front 38 is deflected out of the partial communication link 4a
due to deflection 40 in the area of outer space 32. This undis-
turbed phase front 365 is in turn suitable for coherent recep-
tion, for example, using the homodyne optical heterodyne
reception with phase modulation.
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Optical heterodyne reception resembles the principle of
heterodyne reception, which is very widely used in radio
technology, in which the reception signal is superimposed on
the receiver end on a laser situated in the receiver, the fre-
quency of this laser being in a fixed relationship to the fre-
quency of the reception light. In homodyne reception this is
the same frequency.

The deflection is represented like the Huygen principle.
The smaller the space assumed by a disturbance in the wave-
front, the greater the divergence of the resulting diffraction
figure, resembling a diffraction at the gap. The smaller this
gap, the greater the diffraction pattern.

With additional reference to FIG. 3, a schematic diagram of
communication between the satellite eS and the airplane ezP
according to the present invention will be discussed.

FIG. 3 shows the inverse behavior of the communication
system 2 with the partial communication link 45, i.e., the
downlink of the data transmission from the satellite S to the
airplane ezP, in comparison with FIG. 2.

The phase fronts 36a emanating from the satellite S first
pass through outer space 32 essentially without interference
but then after crossing the Karman line 34 into the atmosphere
30 they encounter turbulence cells 28. These turbulence cells
result in interference for the phase front 38. Since no compa-
rable effects, for example, a deflection occurs in the scenario
according to FIG. 3, the disturbed phase front 38 strikes the
receiver element on board the airplane ezP. Since a disturbed
phase front 38 is now arriving there, it is not suitable for a
coherent reception process and may therefore require a dif-
ferent reception method, for example, an amplitude modula-
tion reception method according to the present invention.

With reference additionally to FIG. 4, a schematic diagram
of the transmission unit of the ezP according to the present
invention is depicted.

The laser element 12, phase modulator 185 and data elec-
tronic unit 20 are the elements which together constitute the
first transmission electronic unit 6a. Laser element 12 is
provided for implementation of the laser communication
between the two platforms and supplies laser light as a data
carrier. Data 22 that is to be transmitted from the airplane ezP
to the satellite eS is prepared for the transmission by using a
data electronic unit 20, e.g., is preprocessed, partially ana-
lyzed and/or digitized. Using phase modulation, the modula-
tion element 18a¢ modulates the data supplied by the data
electronic unit 20 to the carrier supplied by the laser element
12. The resulting data laser beam may be boosted by amplifier
24 and bundled by the optical element of telescope 26 and/or
directed at the receiver platform eS. Between the amplifier 24
and the telescope 26, there may be a transmission through
optical wave guides 25, for example, for implementation of a
simple connection.

With reference additionally to FIG. 5, a schematic diagram
of the transmission unit of the eS according to the present
invention is depicted.

The transmission unit 65 of the satellite eS according to
FIG. 5 differs from the transmission unit 6a of the airplane
e7P essentially in that first an amplitude modulation element
1854 is provided instead of the phase modulation element 18a.
The laser element 12, amplitude modulator 186 and data
electronic unit 20 here represent the second transmission
electronic unit 65. Data 22 that is to be sent from the satellite
eS to the airplane ezP is modulated onto the carrier signal of
laser element 12 by modulator element 185. Data electronic
unit 20 here again represents an adaptation and/or processing
of the data for modulation by modulation element 185. The
second transmission electronic unit 64 is sufficient in this
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context in the event that satellite eS is supposed to commu-
nicate explicitly with the airplane ezP.

In the event that the satellite eS is to communicate with
another satellite eS', a third transmission electronic unit 6c,
which is essentially comparable to the first transmission elec-
tronic unit 6a of the airplane ezP, is provided. The second
transmission electronic unit 64 and the third transmission
electronic unit 6¢ are arranged here so they are functionally in
parallel. In an actual implementation of the transmission unit
of the satellite eS, however, the two modulator elements
184, b may be arranged serially, e.g., in the course of the same
fiber. Switching between amplitude modulation and phase
modulation is performed here by suspending the control of
the respective modulator element that is not needed because a
modulator element that is not being controlled has a neutral
behavior, i.e., it is more or less nonexistent.

In the full expansion stage with a second transmission
electronic unit 64 and a third transmission electronic 6c, the
satellite eS may thus communicate with an airplane ezP as
well as with another satellite eS', in particular at the same
time, and may function here as a relay station. For example, a
data stream from satellite eS received by the airplane eS may
be relayed directly to another satellite eS'.

With reference additionally to FIG. 6, an exemplary dia-
gram of the method according to the invention for communi-
cation between a near-earth returning platform ezP and a
remote platform eS according to the present invention is
depicted.

Method 50 for communication between a near-earth
returning platform and a remote platform has the steps of
communication 52 between the near-earth returning platform
and the remote platform and uses a bidirectional asymmetri-
cal communication link to do so.

Communication 52 here is divided into communication
52a between the near-earth returning platform and the remote
platform using a first partial communication link with a first
type of modulation and communication 525 between the
remote platform and the near-earth returning platform using a
second partial communication link having a second type of
modulation, wherein the first type of modulation is not the
same as the second type of modulation.

Furthermore, it should be pointed out that “having” or
“comprising” are terms that do not exclude other elements or
steps, and that “one” or “a(n)” does not preclude a plurality. It
should also be pointed out that features or steps which are
described with reference to any of the exemplary embodi-
ments or implementations mentioned above may also be used
in combination with other features or steps of other exem-
plary embodiments or implementations described above.
Reference notation in the claims is not to be regarded as a
restriction.

The foregoing disclosure has been set forth merely to illus-
trate the invention and is not intended to be limiting. Since
modifications of the disclosed embodiments incorporating
the spirit and substance of the invention may occur to persons
skilled in the art, the invention should be construed to include
everything within the scope of the appended claims and
equivalents thereof.

REFERENCE NOTATION

2 system

ezP near-earth returning platform/airplane

eS, eS' remote platform/satellite

4 communication link

4aq, b first, second partial communication links/uplink, down-
link
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6a, b, c first, second, third transmission electronic unit

8q, b first, second reception electronic unit

10 laser communication terminal

11 data recording device

12 laser element

13 ground station

15 laser beam

16 earth

184, b modulator element

20 data electronic unit

22 data

24 amplifier

25 optical fiber

26 optical element/telescope

28 turbulence cell

30 atmosphere

32 outer space

34 Karman line

36 phase front

38 phase front after disturbance

40 deflection

50 method for communication between a near-earth returning
platform and a remote platform

52 STEP: communication

52a STEP: communication with a first type of modulation

526 STEP: communication with a second type of modulation

What is claimed is:

1. A system for communication between two communica-
tion platforms, comprising:

a near-earth returning platform including a laser and a
heterodyne modulator coupled to the laser, wherein the
heterodyne modulator is configured to modulate laser
light received from the laser according to a heterodyne
modulation; and

a remote platform including a laser and an amplitude
modulator coupled to the laser, wherein the amplitude
modulator is configured to modulate laser light received
from the laser according to an amplitude modulation;
and

a bidirectional asymmetrical communication link that
couples the near-earth returning platform and the remote
platform, wherein the bidirectional asymmetrical com-
munication link includes an uplink communication link
from the near-earth returning platform to the remote
platform carrying heterodyne modulated signals and a
downlink communication link from the remote platform
to the near-earth returning platform carrying amplitude
modulated signals.

2. The system according to claim 1, wherein the commu-

nication link is an optical communication link.

3. The system according to claim 2, wherein the optical
communication link is a laser communication link.

4. The system according to claim 3, wherein at least one of
the near-earth returning platform or the remote platform has a
plurality of lasers.

5. The system according to claim 1,

wherein the near-earth returning platform is a platform
operating in the earth’s atmosphere, in particular an
aircraft, more specifically an airplane, or

wherein the remote platform is a platform operating out-
side of the earth’s atmosphere, in particular in a low
earth orbit or in a geostationary orbit, more specifically
a satellite.
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6. The system according to claim 5,

wherein the near-earth returning platform is in an airplane,

or

wherein the remote platform is in a low earth orbit or in a

geostationary orbit satellite.

7. The system of claim 1, wherein the near-earth returning
platform is an aircraft located in the earth’s atmosphere and
the remote platform is a satellite located outside of the earth’s
atmosphere.

8. The system of claim 7, wherein a transmission rate of the
uplink communication link is a multiple of a transmission rate
of'the downlink communication link, wherein the multiple is
greater than one.

9. The system of claim 8, wherein a power of the laser of the
near-earth returning platform is a multiple of a power of the
laser of the remote platform, wherein the multiple is greater
than one.

10. A system for communication between two communi-
cation platforms, comprising:

a near-earth returning platform; and

a remote platform; and

a bidirectional asymmetrical communication link that

couples the near-earth returning platform and the remote
platform,

wherein the near-earth returning platform is configured to

implement a first transmission technique and a first
reception technique;

wherein the first transmission technique is a heterodyne

transmission technique, and the first reception technique
is an amplitude modulation reception technique;

wherein the remote platform is configured to implement a

second transmission technique and a second reception
technique;

wherein the second transmission technique is an amplitude

modulation transmission technique and the second
reception technique is a heterodyne reception technique.

11. The system according to claim 10,

wherein the near-earth returning platform has a first trans-

mission electronic unit and a first reception electronic
unit; and

the remote platform has a second transmission electronic

unit and a second reception electronic unit,

wherein the first transmission electronic unit is configured

to transmit using the first transmission technique,
wherein the first reception electronic unit is configured to
receive using the first reception technique;

wherein the second transmission electronic unit is to trans-

mit using the second technique, and

wherein the second reception electronic unit is configured

to receive using the second reception technique.

12. The system according to claim 11,

wherein the remote platform is further configured to imple-

ment a third transmission technique, and

wherein the third transmission technique is a heterodyne

transmission technique for communication with another
remote platform.

13. The system of claim 10, wherein the near-earth return-
ing platform is an aircraft located in the earth’s atmosphere
and the remote platform is a satellite located outside of the
earth’s atmosphere.

14. The system of claim 13, wherein the first transmission
technique produces a data rate that is a multiple of the second
transmission technique, wherein the multiple is greater than
one.
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15. A method for communication between a near-earth
returning platform and a remote platform, comprising:
establishing a bidirectional asymmetrical communication
link between the near-earth return platform and the
remote platform; and 5

communicating between the near-earth return platform and
the remote platform over the bidirectional asymmetrical
communication link, wherein the bidirectional asym-
metrical communication link includes an uplink com-
munication link from the near-earth returning platform 10
to the remote platform carrying heterodyne modulated
signals and a downlink communication link from the
remote platform to the near-earth returning platform
carrying amplitude modulate signals.

16. The method of claim 15, wherein the near-earth return- 15
ing platform is an aircraft located in the earth’s atmosphere
and the remote platform is a satellite located outside of the
earth’s atmosphere.

17. The method of claim 16, wherein a transmission rate of
the uplink communication link is a multiple of a transmission 20
rate of the downlink communication link, wherein the mul-
tiple is greater than one.

18. The system of claim 17, wherein a power of the laser of
the near-earth returning platform is a multiple of a power of
the laser of the remote platform, wherein the multiple is 25
greater than one.



